Abstract The present study was conducted to determine the prevalence of trichinellosis in domestic pigs (Sus scrofa) in India. A total of 319 tissue and 279 serum samples were collected from 279 slaughter pigs. The samples were collected from small slaughter shops located in Assam, Chandigarh (Union territory), Punjab and Uttarakhand states of the country. The presence of Trichinella spp. antibodies in serum was determined using a commercially available enzyme-linked immunosorbent assay (ELISA) kit and tissue samples were digested using the OIE recommended pepsin-HCl digestion method. The overall seroprevalence of trichinellosis was found to be 2.87 %. The age wise seroprevalence was found to be 2.83 % in pigs aged more than 6 months and 3.12 % in pigs \6 months of age. The seroprevalence was more in male (3.38 %) than female (1.96 %) pigs. None of the samples were found positive using pepsin-HCl digestion method. Since none of the samples was found positive for Trichinella, PCR assay could not be employed in the current study. The age, sex and management practices of the animals were not significantly (p [ 0.05) associated with seroprevalence. The current research confirms that trichinellosis remains a rare zoonosis in India. However, extensive studies must be carried out in wildlife to identify reservoir hosts in the country.
Introduction
Trichinellosis is an important nematode zoonosis and infection occurs due to consumption of raw or under cooked pork infected with parasites of the genus Trichinella (OIE 2008; Gottstein et al. 2009 ). Although infection with Trichinella is globally distributed (FAO/WHO/OIE 2007), it has been documented rarely in India.
There are 12 recognized species of Trichinella and are grouped under encapsulated and non-encapsulated clad. The parasite is maintained in nature by transmission within wild animal populations, particularly wild carnivores through predation, cannibalism and scavenging behaviours. The occurrence of Trichinella in domestic animal populations is particularly due to poor management practices which allow them to consume food contaminated with Trichinella infected meat (Campbell 1988 ). The consumption of T. spiralis infected pork and wild boar meat are primarily responsible for human infections. To a lesser extent, human trichinellosis could result from the consumption of other domestic animals (e.g. horses, dogs and sheep) and wild animals (e.g. walrus, bear, deer etc.). Synanthropic animals such as rats are regarded as an important reservoir of infection to the scavenging pigs. Ingestion of the infected meat is known to be the sole route of transmission between infected and susceptible animals (Capo and Despommier 1996; Pozio et al. 2009 ). Therefore meat of domestic and wild animals must always be considered as a potential source of Trichinella infection to humans (OIE 2008) .
The pigs are important for food security in India and demand for pork has increased over last few years. As per a recent livestock census, there are 10.29 million pigs consisting of 2.45 million crossbred and 7.84 million indigenous pigs in the country (BAHS 2014) . Communities involved in pig production in India belong to poor strata and thus pork production is usually carried out under unhygienic conditions with low input costs. The unhygienic slaughtering of food animals and presence of scavenging pigs is common in India (Singh et al. 2013 ) and could be an important risk for occurrence of trichinellosis in humans in India.
In India, human trichinellosis remained a neglected zoonosis (Singh et al. 2010 ) with sporadic cases till 2012 (Alipuria et al. 1996; Mohan et al. 2002; Dubey et al. 2011; Pebam et al. 2012) . However, multiple outbreaks of human trichinellosis have recently been reported following consumption of raw or undercooked wild boar meat (Sethi et al. 2012) . These outbreaks originated from the Uttarakhand state of the country. There were 70 suspected cases and 11 deaths from the disease. All the patients gave the history of eating raw wild meat and muscle biopsies revealed presence of larvae in the 19 % of 42 tracked patients (Sethi et al. 2012) . Previous studies report rare occurrence of Trichinella species in pigs in India (Kumar 2011; Gaurat 2002; Ramamurthi and Ranganathan 1968) . The current work was carried out to re-assess and determine seroprevalence and molecular detection of different Trichinella species in domestic pigs in different parts of the country.
Materials and methods
The present work was carried out by a team of School of Public Health and Zoonoses, College of Veterinary Science, Guru Angad Dev Veterinary and Animal Sciences University (GADVASU), Ludhiana. A total of 319 tissue (279 diaphragm and 40 tongue muscles) and 279 blood samples were collected aseptically from 279 slaughter pigs (Table 1 ). The samples were collected from Assam, Chandigarh, Punjab and Uttarakhand (Table 2 ). There were 144 free-range and 135 farm pigs; 177 male and 102 female pigs. Two hundred and fortyseven pigs were less than 6 months of age and 32 pigs were more than 6 months of age. The tissue samples were frozen (-20°C) until processing and were thawed in chiller (4-8°C) before processing. The blood samples were collected in an evacuated tube, allowed to clot at room temperature and centrifuged at 1200 rpm for 10-15 min at room temperature. The serum was then transferred to 1.5 ml micro centrifuge tubes and stored at -20°C until analysis.
The serum samples were analyzed for Trichinella spp. antibodies using Labor Diagnostic PIGTYPE Trichinella Ab ELISA kit (Labor Diagnostic Leipzig, Germany). The ELISA was performed as per the manufacturer's instructions. The OIE recommended pepsin-HCl digestion assay was used for the analysis of tissue samples (OIE 2012) . A total of 100 g minced muscle sample (20 g per pig) was digested using an artificial digestive fluid consisting of 1 % pepsin-HCl solution. If the larvae were detected, then individual pig tissue samples were to be separately digested. The larvae were further separated using the double separatory funnel method. Ten ml of sediment fluid was transferred into a gridded petri dish and examined under a stereomicroscope. The Trichinella larvae may appear coiled (when cold), motile (when warm) or C-shaped (OIE 2012). The multiplex PCR assay (Zarlenga et al. 1999) was to be used for identifying all genotypes and species of Trichinella larvae, if the larvae would have been isolated from tissues by pepsin-HCl digestion.
Results
In present study, the seroprevalence of trichinellosis was found to be 2.87 % ( Table 2 ). The age wise seroprevalence was 2.83 % in pigs aged more than 6 months and 3.12 % in pigs less than 6 months of age. The seroprevalence was more in male (3.38 %) than in female (1.96 %) pigs. However, the age, sex and management practices were not significantly (p [ 0.05) associated with seroprevalence. The seropositivity was higher in Union territory Chandigarh (10.16 %) followed by Ludhiana (4 %) district in Punjab. None of the samples were found positive in Assam and Uttarakhand states of India. The pepsin-HCl digestion method could not detect Trichinella larvae from any of the tissue samples.
Discussion
The seroprevalence of trichinellosis observed was 2.87 % whereas Trichinella larvae were not detected using pepsinHCl digestion method. This might be due to fact that specificity of excretory-secretory (ES) antigen based indirect ELISA has been reported to vary from 90.6 to 99.6 % (Yang et al. 2016) or it may be due to low level of infection in sero-positive pigs. Since none of the samples were found positive for Trichinella using pepsin-HCl digestion assay, multiplex PCR assay could not be employed in the current study.
Many authors have used indirect ELISA for estimating sero-prevalence of trichinellosis (Murrell et al. 1987; Smith 1987; Smith and Snowdon 1989; Nöckler et al. 1995; Gamble 1996) . Joshi et al. (2005) have reported a prevalence of 0.47 % with western blot and Sapkota et al. (2006) have reported a prevalence of 1 % with antibody ELISA on pig's sera in Kathmandu, Nepal. Both studies suggest serological evidence of trichinellosis.
Previous studies also indicate low prevalence of swine trichinellosis in India. Studies conducted by Shastri (1966) and Ramamurthi and Ranganathan (1968) in Bombay and Madras, respectively, could not isolate Trichinella from swine carcasses. Gaurat (2002) also examined 501 pig carcasses from Deonar abattoir, Mumbai for Trichinella infection but could not detect Trichinella larvae using pepsin-HCl digestion method. Recently, prevalence of trichinellosis in pigs was found to be 0.69 % (3/432) using pepsin-HCl digestion assay from Maharashtra, India (Kumar 2011).
The parasite is still a health and food safety problem for countries worldwide (Gajadhar and Gamble 2000) . As per Chapter 8.16 of the OIE Terrestrial Animal Health Code for the importation of meat or meat products of domestic pigs, pork must be tested negative for Trichinella larvae or has to be processed to ensure the inactivation of Trichinella larvae in accordance with the recommendations of the Codex Alimentarius.
The occurrence of multiple outbreaks in the year 2012 (Sethi et al. 2012) in Uttarakhand indicate that epidemiological studies in pigs in north India are required and the infection is likely to be under-diagnosed, and it is necessary to explore the existence of the parasite among domestic and wildlife reservoirs. We believe that current work will be useful to fill the missing epidemiologic research gaps related to porcine trichinellosis in India. The present work will also help in capacity building for testing pig meat for trichinellosis in India. The current research suggests that trichinellosis remains a rare zoonosis in India. However, regular monitoring and surveillance programme is necessary to generate scientific data required to support pig industry of the country. Additionally, extensive studies must be carried out in wildlife to identify reservoir hosts in the country. 
